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MICROMI NIATURE CANTILEVER RTVTITS 

BACKGROUN D OF THE INVENTION 

1 - Field of the Invention. This invention relates to 
apparatus and methods of forming thin film microcantilevers 
for use in atomic force microscopes and other microscope 

5 systems . 

2 - Prior Art . An atomic force microscope (AFM) scans 
over the surface of a sample in two different modes of 
operation. in one mode, the contacting mode, a sharp tip 
is mounted on the end of a cantilever and the tip rides on 

10 the surface of a sample with an extremely light tracking 
force, on the order o.f 10"5 to io"" N. In the contacting 
mode of operation, profiles of the surface topology are 
obtained with extremely high resolution. Images showing 
the position of individual atoms are routinely obtained. 
15 in the other mode, the tip is held a short distance, on the 
order of 5 to 500 Angstroms, from the surface of a sample 
and is deflected by various forces between the sample and 
the tip, such forces include electrostatic, magnetic, and 
van der Waals forces. 

20 several methods of detecting the deflection of the 

cantilever are available., which have subangstrom sensi- 
tivity, including vacuum tunneling, optical interf erometry, 
optical beam deflection, and capacitive techniques. 
However, fabrication of a readily reproducible cantilever 

25 stylus- assembly has been a limiting factor on use of AFM 
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and other forms of Microscopy such as scanning tunneling 
microscopes. 

The technical requirements for a cantilever stylus 
assembly, which includes a cantilever arm and a protruding 
tip, include a number of different factors, a low force 
constant for the cantilever is desirable so that reason- 
able values of deflection are obtained with relatively 
small deflection forces. Typical values are 0.01 - 1000 
W/m. a mechanical resonant frequency for the cantilever 
which is greater than 10 kHz ia desirable to increase 
image tracking speed and to reduce sensitivity to. ambient 
vibrations. Low force constants and high resonant frequen- 
cies are obtained by minimizing the mass of the cantilever. 

When optical' beam deflection is used to detect deflec- 
tion of the cantilever, deflection sensitivity is inversely 
proportional to the length of the cantilever. Therefore a 
cantilever length of less than 1mm is desirable. 

For certain types of deflection sensing, a high 
mechanical Q is desirable and is achieved by using amor- 
phous or single crystal thin films for fabrication of the 
cantilever. 

in many applications, it., is desirable that the can- 
tilever flex in only one direction and have high lateral 
stiffness. This can be obtained by using a geometry such 
as V- S hape which has two- arms obliquely extending and 
meeting at a point at which the tip is mounted. 

It is often required that a conductive electrode or 
reflective spot be located on the side of the cantilever 
opposite the tip. This is obtained by fabricating the 
cantilever from metal or 'depositing a conductive material 
on certain portions of the cantilever to serve as a 
conductor or reflector. 
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Finally, a sharp tip, that is, a protruding tip with a 
tip radius less than 500 Angstroms and which may terminate 
in a single atom, is desired to provide good lateral 
resolution. This requirement has traditionally been one of 
5 the most difficult to obtain in a reproducible manner. 
Typically, in the prior art, tips were made by hand using 
fabrication and bonding techniques which were time consum- 
ing and which produced non-uniformly performing tips. 

In the prior art, cantilever arms were constructed by 
10 hand from fine tungsten wires, one way of obtaining a tip 
portion on such an arm was to etch the wire to a point and 
then bend the point to perpendicularly extend from the 
wire. Another way to obtain a tip was to glue a tiny 
diamond fragment in place at the end of a cantilever. 
15 Prior art cantilevers fabricated using photolithographic 
techniques did not have integrally-formed sharp protruding 
tips. For these cantilevers a rather dull tip was effec- 
tively obtained by using, a corner of the microf abricated 
cantilever itself as a tip. Alternatively, a diamond 
20 fragment was glued by hand to the end of a microf abricated 
cantilever. The cantilever assembly of an AFM is relative- 
ly fragile and is virtually impossible to clean when it is 
contaminated by material from, the surface being scanned so 
that frequent replacement is required. 

15 Anisotropic etching of (100) silicon wafers to form 

pyramidal-shaped or knife-edged pits is discussed in an 
article by K.E. Petersen entitled "silicon as a Mechanical 
Material," Proceedings of the TEEE r vol. 79, No. 5, pgs. 
423-430, May 1963. This article also discusses a very 

0 great decrease for anisotropic etching of silicon which is 
doped with boron. In effect, doping silicon with boron 
prevents etching. This article also refers to an article 
by D. A. Kiewit entitled "Microtool fabrication by etch pit 
replication," Rev. Sci. Tnstmm., vol.44, p. 1741, 1973, 

5 which discloses using thermally grown silicon dioxide as a 
mask for selective etching of pits in a (100) wafer and 
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which discloses filling those pits with electrolessly 
deposited nickel-phosphorous. 

Currently, technologists are attempting to microfabri- 
cate STMs and AFMs using the aicrofabrication techniques 
5 which are compatible with standard fabrication processes 
used in the silicon semiconductor integrated circuit in- 
dustry. Their goal is to mass-produce very precise, very 
reliable sensors which have minimal thermal drift, signal 
loss, and low noise characteristics by taking advantage of 
10 the inherent low mass, high resonant frequencies, and low 
thermal drift characteristics of microfabricated devices. 
In addition, these microfabricated sensors can be integral- 
ly combined with electronic circuitry fabricated with the 
same processes. 

15 SUMMARY OF THE TWVBWTTnM 

It is therefore an object of the invention to provide 
a cantilever assembly for an AFM which is fabricated using 
semiconductor integrated circuit fabrication techniques. 

In accordance with this and other objects of the 
20 invention, a process for producing an integrally formed 
sharp tip is provided. A rectangular silicon - post is 
formed on the surface of a (100) silicon wafer. The post 
is surrounded with oxide and its top is anisotropically 
etched down to leave triangular-shaped silicon formations 
25 at the remaining comers of the post. The wafer and 
silxcon formations are thermally oxidized to produce a Si0 2 
cantilever with an integrally formed tip. The remaining 
silicon is then removed. Alternatively, silicon nitride is 
30 tip™" 1 int ° a CantlleVer With an inte ^ly formed sharp 

BRIEF DESCRIPTION OF THE EKAWTNftg 

The accompanying drawings, which are incorporated in 
and form a part of this specification, illustrate embodi- 
ments of the invention and, together with the description 
35 serve to explain the principles of the invention: 
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FIGURE 1 is a cross-sectional view representing a 
(100) silicon wafer having a silicon nitride layer on each 
side. 

FIGURE 2 is a cross-sectional view illustrating a 
5 silicon post formed from a (100) silicon layer. 

FIGURE 3 is a reduced-scale plan view of the post of 
FIGURE 2. 

FIGURES 4, 5 and 7 are cross-sectional views illus- 
trating formation of silicon tips. 

10 FIGURE 6 is a plan view of the tips being formed in 

FIGURE 5. 

FIGURES 8 and 9 are cross-sectional views of a silicon 
dioxide cantilever arm being formed with an integrated tip. 

FIGURE 10 is a plan view of a V-shaped cantilever arm 
15 as formed in FIGURE 9. 

FIGURE 11 is a cross sectional view of an integral 
cantilever arm and tip after being released from the 
silicon layer. 

FIGURE 12 is a plan view of the V-shaped integral 
20 cantilever arm and tip as shown in FIGURE 11. 

FIGURES 13A-C are cross sectional views of various 
stages in forming an integral cantilever arm and tip formed 
from silicon nitride or some other deposited material. 

FIGURES 14A-D . are cross sectional views of various 
!5 stages in forming a silicon dioxide cantilever arm and tip 
formed from a deposited material. 
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FIGURES 15A-E are dross sectional views of an integral 
cantilever arm and tip formed of doped silicon. 

FIGURES 16A-E are cross sectional views of various 
stages in forming an integral cantilever arm and tip formed 
5 . of silicon. 

^ FIGURES 17A-C are cross sectional views of various 
stages in forming a doped silicon tip and a cantilever of a 
deposited material. 



20 



30 



FIGURES 18A-G are cross sectional views of various 
10 stages in forming a tip of thermal silicon dioxide and a 
cantilever of another material. 

PETAILED DESCRIPTION OF THE VKKW ^ B EMBODTMPWTg 

Reference will now be made in detail to the preferred 
embodiments of the invention, examples of which are 
15 illustrated in the accompanying, drawings. While the 
invention will be described in conjunction with the 
preferred embodiments, it will be understood that they are 
not intended to limit the invention to those embodiments, 
on the contrary, the invention is intended to cover 
alternatives, modifications and equivalents, which may be 
included , within the spirit and scope of the . invention as 
defined by the appended claims. 

Thin film mierocantileVers are particularly well 
suited for use in atomic force microscopes and other 
25 microscope systems. The utility of prior art cantilevers 
has been diminished by the fact that while the cantilevers 
can be batch fabricated using integrated circuit processing 
techniques, there has not been a good way of incorporating 
a sharp tip on the cantilever. The following is a descrip- 
tion of a new batch process which has successfully yielded 
sharp tips on thin film cantilevers. 

FIGURE 1 shows that the process begins with the 
deposition of layers si 3 ir 4 onto both sides of a lightly 
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doped silicon wafer 12 of (loo) orientation. A photoresist 
pattern (not shown) is created on the top side of the 
wafer. The resist pattern is used as a mask to allow the 
surrounding SI 3 N 4 and silicon to be etched in a reactive 
5 plasma. 

FIGURES 2 and 3 show that what remains after the 
plasma etch is a vertical-walled, silicon post 14 with 
sharp corners 16, 17, 18, 19 pointing in a <110> direction. 
Sharp corner 16 defines the location of the desired tip. 

10 FIGURE 4 illustrates that after the silicon post 14 

has been formed the wafer is thermally oxidized so that a 
thin film of si0 2 20 covers the entire surface of the wafer 
except for the top 22 of the post where the presence of 
Si 3 N 4 10 prevents the growth of SiQ 2 . This Si 3 N 4 is 

15 selectively removed in a reactive plasma. . 

FIGURE 5 shows the : wafer is then placed in an aniso- 
tropic silicon etchant such as KQH solution. Silicon is 
etched away from the top of the post 14 but is not etched 
where the Si0 2 masks the silicon on the post's sidewalls 

20 24, 25 and the rest of the wafer surface. The etchant 
preferentially etches all crystal planes other than (111) 
planes therefore the final profile of the etched out post 
consists of triangular-shaped features 16, 17 resting 
against the Si0 2 sidewalls at any comers of the post. The 

25 length of the KOH etch is timed to produce the desired tip 
height. 

FIGURE 6 shows a plan view of the remains of the 
etched-away post 14. 

FIGURE 7 shows that when the Si0 2 is subsequently 
0 removed, the sharp silicon, tips 16, 17 remain, pointing up 
perpendicularly from the surface of the wafer. At this 
step, there are more than one tip due to the fact that 
tips are formed wherever there are corners on the original 
post pattern. 
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FIGURE 8 shows that the entire wafer is again thermal- 
ly oxidized to create the thick oxide layer 30 from which 
the cantilever is made. The silicon tip 16 oxidizes as 
well but the oxide tip 32 remains relatively sharp. 

5 FIGURES 9 and 10 show that using a very thick photo- 

resist (not shown) to protect the tip 32, a V-shaped canti- 
lever shape 34 is patterned and is used as a mask while the 
surrounding Si0 2 is etched away. The mask is designed so 
that only the desired tip 32 is incorporated into the 
10 cantilever 34 while other tip features are sacrificed 
during the Si0 2 etch. A rectangular pattern 36 is then 
made on the backside of the wafer directly under the 
cantilever 34 and the Si 3 N 4 is removed from this area. 

FIGURES 11 and 12 show that finally the wafer is 
placed in ethylenediamine/pyrocatechol/water (EDP) etchant 
and the silicon supporting the cantilever 34 is completely 
etched away leaving a free-standing Sio 2 cantilever 34. 
Like KOH, EDP is an anisotropic Si etchant, and by choosing 
the geometry of the front and backside patterns appropri- 
ately, the EDP etch can be made to self-terminate on (111) 
planes to yield the shape shown. EDP is chosen instead of 
KOH for this step in order to minimize damage to the Sio 2 
film. 

Since each cantilever structure 34 is quite small 
(typical size 100 x 100 microns), hundreds of cantilevers 
can be constructed simultaneously on a single silicon 
wafer, taking advantage of the excellent reproducibility 
and low cost of batch fabrication. 

Many of the materials and individual process steps 
described above can be. altered without affecting the 
utility of the final structure. For example, the size and 
shape of a cantilever and a tip can be varied over a large 
range, from microns to millimeters. The cantilever can be 
made from Si 3 N 4 instead of Si0 2 . It is possible to have 
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the tip and the cantilever made of different materials such 
as a silicon tip with a SiQ 2 cantilever. The key step for 
the successful fabrication of sharp tips on cantilevers is 
the creation of a post 14 with masked sidewalls and exposed 
5 top. Once such a structure is formed,, the anisotropic etch 
produces a sharp tip and the subsequent film depositions or 
growth are used to form the cantilever. 

FIGURES 13A-13C illustrate formation of a integral 
cantilever arm and tip -assembly 40 with the tip 42 formed 

10 over a sharp point 44 similar to the sharp tip 16 of FIGURE 
7 on a (100) silicon substrate 46. Material A is formed on 
both sides of the substrate 46 and patterned to form a 
cantilever and the backside opening for a KOH etching step. 
Material A is a material selected from the group, which 

15 includes Si 3 N 4 , deposited Si0 2 , A1 2 0 3 , CVD diamond film, 
and various metals, including magnetic materials for a 
magnetic force microscope application. 

FIGURES 14A-14D illustrate formation of a Si0 2 
cantilever with a Si 3 N 4 or other deposited material as a 
20 tip. A point 50 is formed on a (100) silicon substrate 52 
as previously disclosed for FIGURE 7. A tip 54 of silicon 
nitride or some other deposited material is formed by 
patterning and deposition of over the point 50. The 
substrate is then thermally oxidized to form oxide layers 
•25 56,58. The top layer 56 is patterned and etched to form a 
cantilever arm 60 with the tip 54 attached to its end after 
the substrate is etched as shown. 

FIGURES 15A-15E illustrate formation of an integrally 
formed doped silicon cantilever and tip. A point 62 is 

30 formed in a (100) silicon substrate 64 as described 
hereinabove. FIGURES 150 and 15C show a dopant mask 66 
formed, for example, of Si0 2 or Si 3 N 4 . Boron is used to 
dope the exposed silicon by ion implantation, diffusion, or 
other techniques. An etch mask 68 is deposited and 

35 patterned using, for example, a masking material such as 
deposited Si0 2 , Si 3 N 4 or Cr/Au. The silicon is then etched 
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anisotropically with KOH or EDP to produce an integral 
cantilever and tip assembly 70 of doped silicon. The boron 
doped silicon is not etched by the KOH or EDP. 

FIGURES 16A-16B illustrate formation of an integral 
5 silicon cantilever and tip. A thin silicon membrane 72 is 
formed by etching a (100) silicon wafer 74 in KOH or EDP 
with SijWt as a mask as shown in Figure 16A. Figure 16B 
shows a point 76 formed as described hereinabove. Figure 
16C shows a thick film 78 of metal, such as aluminum, which 

10 forms a cantilever pattern over the point 76 and part of 
the silicon membrane. As shown by Figure 16D the topside 
of the wafer is etched by reactive-ion etching until - a 
cantilever shape having a height equal to a desired 
cantilever thickness is produced. Figure 16E shows an 

15 integral cantilever and top assembly 80 produced by 
stripping the metal film 78 and reactive-ion etching until 
"X M amount of silicon is removed from the bottom side as 
shown in Figure 16E. 

FIGURES 17C-17C illustrate formation of a doped 
20 silicon tip 82 attached to a deposited Si 3 N 4 or Sl0 2 
cantilever 84. Again a point 86 is formed on a (100> 
silicon substrate 88. Figure 17B shows layers 90,92 of 
deposited Si 3 N 4 or Si0 2 on the entire substrate. An 
opening 94 is formed therein "around the point 85 and boron 
25 is diffused or implanted into the point. The boron doped 
tip 82 resists etching. The cantilever 84 is formed by 
appropriate patterning and removal of Si0 2 or Si 3 N 4 . The 
silicon is then etched in EDP or KOH from the bottom side. 
Etching is stopped when the silicon is etched through. The 
30 boron doping preserves the tip 82 if it is not exposed too 
long to the EDP or KOH. 

FIGURES 18A-18G illustrate a Sio tip loo attached to a 
Si 3 N 4 cantilever 102. Alternatively, the cantilever can be 
formed of other materials such as A1 2 0 3 , diamond film, 
35 metal, or deposited Si0 2 . A point 104 is formed as 
described hereinabove on a (100) silicon substrate 106. 
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Figures 18B and 18C show S4.3N4 layers 108,110 deposited en 
both sides of the substrate 106. An opening 112 is formed 
around the point 104 which thermally oxidized as shown in 
Figure 18D. Figures 18E and 18F show the cantilever 102 
5 etched out of the SflT 4 layer 108. Figure 18G shows the 
bottom side of the silicon substrate etched away leaving a 
SiO 100 tip attached to the cantilever 102. 

Microcantilevers with sharp tips are of immediate use 
in the field of scanning probe microscopy and surface 
10 profilometry but the general technique of batch fabricating 
sharp tips of either silicon or Si0 2 has use for other tip 
applications. 

The foregoing descriptions of specific embodiments of 
the present invention have been presented for purposes of 

15 illustration and description. They are not intended to be 
exhaustive or to limit the invention to the precise forms 
disclosed, and obviously many modifications and variations 
are possible in light of the above teaching. The embodi- 
ments were chosen and described in order to best explain 

20 the principles of the invention and its practical applica- 
tion, to thereby enable others skilled in the art to best 
utilize the invention and various embodiments with various 
modifications as are suited to the particular use con- 
templated. It is intended that the scope of the invention 

25 be defined by the Claims appended hereto and their equiva- 
lents. 
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IN THE CLAIMS ; 

1. A process for producing an integral sharp tip on a 
thin film cantilever, comprising the steps of: 

providing a lightly doped silicon wafer having a (100) 
orientation? 

depositing a Si 3 N 4 layer on both sides of said silicon 
wafer; 

forming a photoresist pattern over a portion of the 
Si 3 N 4 layer on one side of said silicon wafer; 

anisotropically etching in a reactive plasma those 
portions of the Si 3 N 4 layer and the silicon wafer not 
covered by said photoresist pattern to form a vertical- 
walled, silicon post having a rectangular cross-section 
with sharp corners pointing in a <110:> direction; 

removing the photoresist from the top of said silicon 
post to expose the Si 3 N 4 on the top of the silicon post; 

thermally oxidizing the wafer to cover the surface of 
the silicon wafer' with a thin film of Si0 2 except on the 
top. of the silicon post having the Si 3 N 4 thereupon; 

selectively removing the Si 3 H 4 from the top of the 
silicon post with a reactive plasma; 

selectively etching the silicon in the silicon post 
with an anisotropic silicon etchant while the Si0 2 on the 
sidewalls of the silicon post and the rest of the wafer is 
• not etched, said anisotropic silicon etchant preferentially 
etching all crystal planes of the silicon post except (111) 
planes; 

continuing to selectively etch the silicon in the 
silicon post to produce triangular-shaped silicon forma- 
tions at sharp corners of the silicon post, said trian- 
gular-shaped silicon formations having vertical sidewalls 
adjacent the Si0 2 sidewalls, said triangular-shaped silicon 
formations having a sharp corner pointing in a <lio> direc- 
tion; 

continuing to selectively etch the silicon in the 
remaining portions of the triangular-shaped silicon forma- 
tions to a predetermined height; 

removing the Sid 2 covering the surface of the silicon 
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wafer to expose the vertical sidewalls of said triangular- 
shaped silicon formations; 

thermally oxidizing the wafer to form an Si0 2 layer 
on the wafer surface and on the triangular-shaped silicon 
5 formations ; 

covering portions of said Si02 layer with a photo- 
resist layer to form a pattern having a cantilever shape in 
said SiC>2 layer; 

covering that portion of said Si0 2 layer overlying one 
10 of said triangular-shaped silicon formations with said 
photoresist layer; 

etching away those portions of the Si0 2 layer not 
covered with said photoresist layer to leave a Sio 2 canti- 
lever having a projecting tip portion adjacent said one of 
15 said triangular-shaped silicon formations; 

etching away the silicon supporting the Si0 2 canti- 
lever having a projecting tip portion to provide a free- 
standing si0 2 cantilever with an integrally formed project- 
ing tip portion. 

20 2. The process of Claim 1 including the step of 

simultaneously forming a plurality of cantilevers in a 
batch on a single silicon wafer. 

3 . A process for forming an integral sharp tip on a 
thin film cantilever, comprising the steps ofr 
25 forming a silicon post on the surface of a (100) 

silicon Wafer, with said silicon post having vertically 
extending steep sidewalls and a rectangular cross-section 
with sharp corners pointing in a <110> direction; 

masking the side walls of said silicon post with 
30 silicon dioxide; 

selectively etching said silicon post with an 
anisotropic silicon etchant to preferentially etch all 
crystal planes of the silicon post except the (ill) planes 
to produce triangular-shaped silicon formations at the 
35 sharp corners of the silicon post, said, triangular-shaped 
formations having vertical sidewalls and having a sharp 
corner pointing in a <110> direction; 
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forming a cantilever arm on the "substrate with 
one of the triangular^shaped silicon formations forming a 
tip integrally attached to. said cantilever arm; 

removing portions of the silicon substrate to 
5 free said cantilever arm with an integrally formed tip 
thereof from the substrate. 

4 » The process of Claim 3 wherein the silicon tip is 
formed of doped silicon, 

5. The process of Claim 3 wherein the tip is formed 
10 of silicon and including the step of forming the cantilever 

arm by depositing a layer of deposited material on the 
surface of the substrate and patterning that layer to form 
a cantilever arm with the silicon tip fixed to the arm. 

6, A. process for forming an integral sharp tip on a 
15 thin film cantilever M comprising the steps of: 

forming a silicon post on the surface of a (100) 
silicon wafer, with said silicon post having vertically 
extending steep sidewalls and a rectangular cross-section 
with sharp corners pointing in a <110> direction; 
20 masking the side walls of. said silicon post with 

silicon dioxide; 

selectively etching said silicon post with an 
anisotropic silicon etchaht to preferentially etch all 
crystal planes of the silicon post except the (111) planes 
25 to produce triangular-shaped silicon formations at the 
sharp comers of the silicon post, said triangular-shaped 
formations having vertical sidewalls and having a sharp 
comer pointing in a <lio> direction; 

thermally oxidizing the wafer to form an Sio 2 
30 layer on the wafer surface and on the triangular-shaped 
silicon formations; 

patterning said -Si0 2 layer to form a tip of sio 2 

material; 

forming a cantilever arm with said Si0 2 tip fixed 

35 thereto. 
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7. The process of Claim 6 including the step of 
forming a cantilever arm from said Si0 2 material, which arm 
is integrally fixed to the Si0 2 tip. 



8. The process of Claim 6 including the step of 
forming a cantilever arm from a deposited material other 
than Si0 2 . 

9. The process of Claim 8 wherein the deposited 
material is selected from the group consisting of A1 2 0 3 , 
diamond film, metal, and deposited Si0 2 . 



10 10. A process for forming a sharp thin-film tip, 

comprising the steps of: 

forming a silicon post on the surface of a (100) 

silicon wafer, with said silicon post having vertically 

extending steep eidewalls and a rectangular cross-section 
15 with sharp corners pointing in a 110 direction? 

masking the sides of said silicon post with 

silicon dioxide; 

selectively etching said silicon post with an 

anisotropic silicon etchant to preferentially etch all 
20 crystal planes of the silicon post except the (111) planes 

to produce triangular-shaped silicon formations at the 

sharp comers of the silicon post, said triangular-shaped 

formations having vertical eidewalls and having a sharp 

corner pointing in a (110) direction; 
25 forming a layer of deposited material over one of 

said triangular-shaped silicon formations; 

removing the one of said triangular-shaped 

silicon formations to provide a tip of said deposited 

material . 

30 ii. The process of Claim 10 including the step of 

depositing and patterning a cantilever arm from said layer 
of deposited material wherein said cantilever arm is 
integral with the tip formed of said deposited material. 
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12. The process of Claim 10 including the step of 
forming a cantilever arm with the tip integrally fixed 
thereto fey thermally oxidizing and patterning the silicon 
substrate to form a silicon dioxide cantilever arm with the 

5 tip fixed thereto. 

13. A microminiature cantilever stylus, comprising: 
a thin-film cantilever arm member? and 

a projecting tip fixed to said cantilever arm 
member, said tip formed from a (100} silicon wafer and 

10 having a base formed in. the (loo) plane and fixed to said 
cantilever arm, said tip having three side surfaces which 
meet at a point, wherein first and second perpendicular 
side surfaces extend perpendicularly from the (100) plane 
of said base, said tip having a third oblique side formed 

15 in the (ill) plane and extending from said base. 

14. The" stylus of claim 13 wherein said cantilever 
arm member and said tip are formed of doped silicon. 

15. The stylus of claim -14 wherein said cantilever 
arm member is formed from a deposited thin-film material. 

20 16. THe stylus of claim 14 wherein said tip is formed 

of thermally oxidized silicon. 

17 . A microminiature cantilever stylus comprising: 
a thin-film cantilever arm member; 
■ ■ J ■ a projecting tip fixed to said cantilever arm 

25 member, said tip being formed as a layer of thin-film 
material deposited over and conforming to the exterior 
surface of a pointed silicon tip mold, said silicon tip 
mold formed from a (100) silicon wafer and having a base 
formed in the (100> plane, said tip mold having three side 
30 surfaces which extend from the base to meet in a point 
wherein said pointed, silicon tip mold includes first and 
second perpendicular side surfaces extending perpendicular- 
ly from said base and includes a third oblique side formed 
in the (111) plane and extending from the base. 
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18. The stylus of claim 17 wherein said cantilever 
arm member and said tip. are formed from the same thin-film 
material . 



19. The stylus of claim 18 wherein said same thin- 
5 film material is deposited silicon dioxide. 
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